Physiol. 193(3) : 488-494. q@-The addition of cellulose to the diet increases protein needs as measured by gains in the fat-free body of ad libitum and pair-fed growing rats. This was attributed to loss of metabolic fecal nitrogen induced by dietary cellulose addition. It was demonstrated that 30% cellulose addition to the diet caused a need for about 1.85y~ additional dietary crude casein. Rats fed very low protein rations had a larger portion of their gain as fat because their intake of energy was high in relation to protein intake. This excess energy therefore limited an increase in food intake by which the animal might obtain more protein from these low protein rations. When cellulose replaced the energy portion of the diet (sucrose), food intake increased because the animal no longer needed to dispose of the excess energy as body fat or heat. Therefore, protein in low protein rations influences food intake indirectly through its ratio to available dietary energy. In general, these confirm the observations of Janowitz and Grossman (6) that as a nonnutritive substance dilutes the diet, food intake will increase to compensate for the decrease in available energy.
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Additions of cellulose to the diet have been found to increase the loss o in the feces (7, 8) and a f metabolic regression nitrogen equation describing this loss has been established (8) . The metabolic fecal products originate in the body, either in the course of its endogenous catabolism or of the digestive processes themselves (9) . Metabolic nitrogen is excreted in the feces even if the animal is fed a nitrogen-free diet. While an increased amount of metabolic nitrogen in the feces is endogenous, it is nevertheless, a loss to the body. In any study involving nonnutritive fiber additions to the diet, this loss must be considered. As a rule only the change in energy concentration is considered when the diet is diluted with fiber but another variable might also be introduced because of Received for publication December 2, 1957. the fiber induced loss of fecal metabolic nitrogen.
Weight gains alone will not suffice to measure I the interaction of dietary energy and protein, for weight gains might conceivably be equal but still vary in composition. First, this study was designed to use body composition to evaluate the interaction of dietary cellulose and protein as influenced by the loss of metabolic fecal nitrogen. Second, information will be presented on the effect of protein and energy interactions on food intake.
METHODS
Weanling male Sprague-Dawley rats were used for all experiments. They were housed individually in wire screen-bottomed cages in a room in which the temperature was maintained at 26 =t: 1°C. The experiments lasted 28 days. The rats were weighed weekly and individual food consumption was measured. All rations were fed ad libitum with the exception of the equalized feeding regime in experiment 3. Special scatter-proof food cups were used. The rations, based on those described by Meyer (8) , consisted of sucrose, 5 % cottonseed oil, crude casein and 4% minerals and were adequately supplemented with vitamins needed -489 by the rat.l Powdered cellulose and casein were the variable components. Casein replaced the sucrose when added, and cel!ulose was substituted for sucrose or added at the expense of the basal ration according to the experimental design. The statistical treatments were the analysis of variance and covariance described by Snedecor (IO). At the end of the experiments carcass composition was determined. In experiment I composition is determined on the carcass minus the gastrointestinal tract-and contents. For experifments 2 and 3 composition of the carcass includes gastrointestinal tract and contents. Koch (I I) had found no difference between rat bodies with the gastrointestinal contents removed or rat bodies with gastrointestinal tract and contents intact if the animals had been kept 12 hours without feed and water. Therefore, in the last two experiments the rats were kept 12 hours without feed to decrease the contents of the digestive tract. The animals were then killed and body composition was calculated. Water content was determined by drying the carcass in a forced-draft oven until constant in weight. The fat-free body was calculated by assuming a constant of 74.5% water in the lean body &ass. This constant has been determined under these conditions (I 2) and used as suggested by Pace and Rathbun (13). It was found earlier that neither withholding food (14) nor adiposity (14, IS) influenced this constant relationship between water and the fat-free body. Fat content was then calculated by subtracting the lean body mass from the carcass weight.
RESULTS

Experiment
1. This experiment was designed to determine the influence of nonnutritive fiber on the protein requirement, body composition and food intake. Meyer (8) cellulose was in the diet. One might also expect a change in body composition. Various diets with different casein levels were fed to eight lots of rats without cellulose additions; eight other lots received the same casein levels but cellulose diluted the ration so that ratios of available calories, protein, and other nutrients remained constant (tables I and 2). The casein content is expressed as a percentage of the cellulose-free ration. This experimental design was such that the interaction term of the analysis of variance was used to measure differential response to the two cellulose levels. If the interaction term would be significant for the measurement in question, this would mean that cellulose caused deviation in response to casein level. Ten representative weanling rats were killed for body composition determination before the experiment began. The fat-free body varied from 82 to 85.2 % of the initial weight. Since this variation was small, it was felt that gain in carcass fat and fat-free body could be calculated by difference with some degree of confidence. It was found that a differential response occurred in weight gain at the two levels of cellulose (o and 30%) which produced a statistically highly significant interaction. An inspection of the data revealed two things. First, at the 0% cellulose level the weight gains at the various casein levels increased until 22 % casein had been added and then became constant, while with 30% cellulose the weight gains did not reach their maximum until 26% casein had been added. Secondly the weight gains of the rats fed o and 30% cellulose with 6 and IO % casein were not significantly different, while at all higher casein levels, the rats fed 30% cellulose gained less weight than those fed 0% cellulose.
The gains in carcass fat-free tissue also showed a st,atistically significant interaction, but the response was not the same as for weight gains. Here there was a difference between cellulose levels in fat-free body gain at all levels of casein feeding. The data indicate that 26% casein was needed in the basal ration to obtain maximum fat-free body gains when 30% cellulose diluted the ration, while 22 % casein was required when no cellulose was added.
The gain in fat-free tissue per gram of casein consumed also confirmed the theory that the high cellulose levels would cause a loss of nitrogen as fecal metabolic nitrogen. At casein levels from 6 to 22 %, the 30 % cellulosefed rats gained less fat-free body per unit of casein consumed, while at the higher casein levels both of the groups fed o and 30% cellulose produced the same fat-free body gain per unit of casein consumed. The effect of cellulose on metabolic fecal nitrogen loss could not be manifested at the higher protein levels because excess protein was present.
The gain in carcass fat when subjected to statistical analysis showed a highly significant interaction. This was produced because the data indicate no difference in fat gain for the two cellulose levels when the basal ration casein varied from 6 to IS%, but the rats fed the higher casein rations diluted with 30% cellulose had significantly less gain in carcass fat. It was the similarity in fat gain at these lower casein levels that might have produced a different interpretation if weight gains alone had been considered. Here weight gains, taken alone, showed no difference between cellulose levels when fed with 6 and 10% casein. However, body composition studies did show the influence of fiber on metabolic fecal nitrogen. as measured by the fat-free body gains. This emphasizes a situation where body composition studies are an important and necessary adjunct to growth studies.
Food intake cannot be used to explain differential responses for the two fiber levels in weight and fat-free body gains. Food intake increased when cellulose diluted the diet, but the increase was of the same relative magnitude at all casein levels. This was confirmed by a nonsignificant interaction term in the analysis of variance for food intake. Experiment 2. This experiment was designed to further study the influence of metabolic fecal nitrogen loss by calculating the extent of the loss and then replacing it by adding more casein to the ration. A different design was used to confirm the results of experimenl I. A ration containing cellulose plus protein to replace metabolic fecal nitrogen loss should produce the same weight gains as the original ce!lulose-free basal ration. By using the regression equation of Meyer (8) , which calculates fecal metabolic nitrogen from its relation to indigestible dry matter and by assuming a biological value of 80 for the protein in crude casein, it was calcu!ated that an additional 1.85 % casein would replace the metabolic nitrogen loss caused by 30% cellulose. ____---cellulose ration to which an additional 1.85 % casein was added (lot 3). These rats were fed ad libitum.
The addition of 30% cellulose at the expense of the 14% casein basal ration decreased the final weight, fat-free tissue, and fat of the rat bodies compared with those fed the other two -rations. This agrees with the previous experiment. When 1. 85% casein was added to the 30% cellulose ration (lot 3) to give a total of 15 .85 % casein, the results were similar to those obtained with the 14% casein ration without added cellulose (lot 2). Experiment 3. Experiment z was repeated, this time using the paired feeding technique. Three rats of approximately equal weight were assigned one to each ration. The daily ration consumption of the rat in'lot I (30% cellulose added at the expense of the 14% casein basal ration) was measured. An amount of the basal ration equal to that consumed by the Zof I rat was fed to its mate in lot 2. The mate in lot 3 was given the same amount of total ration as consumed in lot I. Consequently, all lots consumed the same amount of cellulose-free basal ration, but lots I and 3 consumed additional cellulose.
Any differences, therefore, between lots I and z would be due to cellulose intake. Table 4 shows that the rats on 0% cellulose made greater gains in weight and fat-free body; however, the lot I rats gained more fat.
The rats in Jot 3; fed a 30% cellulose ration in which the calculated fecal metabolic nitrogen was replaced, responded similarly to those fed the ration with no cellulose. While their weight gains were lower than for the rats fed no cellulose, they produced about the same relative gain of lean body mass and fat. Certainly the composition of the gain was the same.
These two experiments with both ad libitum and equalized feeding again demonstrated the importance of metabolic fecal nitrogen loss. In these experiments about 1.85% additional crude casein was required to replace the nitrogen loss caused when 30% cellulose was substituted at the expense of the basal ration.
These experiments were conducted to show that cellulose added at the expense of the ration, which left the ratio of available calories to protein and other nutrients unchanged, has an influence other than adding bulk to the diet. It also increased the loss of fecal metabolic nitrogen. At low-protein levels decreases in fat-free body gain occurred. With cellulose in the diet larger amounts of casein were required to obtain maximum gains of fat-free body allowed by the particular energy concentration. Also, when equal intakes of available energy and casein were allowed two groups of rats with one group receiving cellulose in addition, the rats on cellulose gained less fat-free tissue.
Aside from the influence of cellulose on protein requirements, some results were obtained on the influence of protein intake on the composition of weight gains. When the fat gain was expressed as a percentage of the carcass gain (tables 2 and 3) the protein level in the diet shows an influence irrespective of the fiber level. About 100% of the gain of the animals fed the 6% casein diets was fat, since some lost weight but gained in fat. Fat as percentage of gain decreased for each group of rats as casein was added to the ration until the 18% casein level was reached. Then the level of fat rose. The low-protein animals apparently (16) suggested that animals on lowprotein rations had their food intake limited by an excess energy intake in relation to protein intake. The main limiting factor seemed to be deposition of this energy as fat gain. Another means of eliminating this excess energy so more food can be consumed would by heat production, as shown by Forbes et al. (17) and Black et al. (18) . Their animals on low-protein intakes produced more body heat than the animals fed higher protein. Additional calculations also show a higher percentage of fat in their animals fed the low-protein rations than in animals consuming an equal quantity of calories but more protein. Consequently, it seems that with a low percentage of protein in the diet, and animal consumes more energy relative to needs and attempts to dispose of the excess by heat production and by depositing more fat.
Data from experiment 3 (table 4) confirm these observations. The rats in lots I and z consumed an equal quantity of cellulose-free ration, but those in lot I consumed cellulose in addition. The rats in lot I were more protein deficient because of the cellulose-induced loss of metabolic nitrogen in the feces. However, they gained more fat, which means that they If the concept is accepted that animals fed rations low in protein will deposit more fat because of a relatively larger supply of available calories, which limits food intake, then the substitution of cellulose for available carbohydrate should stimulate food intake because it relieves the need to deposit excess calories as fat. Hence more protein is consumed and greater gains are made. This view differs somewhat from that of Peterson et al. (2) and Williams and Grau (s), who suggest that substituting cellulose for available calories stimulates food consumption because of an increased energy need. It may be generally true that the primary need of an animal is energy, but with low-protein ratSions it seems plausible that the need for protein is greater than for energy. The greater protein need is illustrated by the relatively lower fat-free body gain and higher fat gain of the rats used in this study and, incidentally, the chickens of Peterson et al. (2) fed a low-protein ration. This would indicate that they were consuming ample energy for their particular needs.
An experiment was conducted to illustrate the difference between substituting 30% cellulose for the sucrose and substituting the celllllose for part of the basal ration (table 5) . It w cLs postulated that when cellulose replaced the sucrose, the weight gains would be greater than for the rats fed the original cellulose-free ration. This would occur with low-protein rations because the excess energy intake would be prevented by replacing sucrose with cellulose. In lot I a casein level of 15 % was below that needed for optimum growth. In lot z cellulose was used to dilute the ration (70 % cellulosefree ration plus 30% cellulose) and to lower the protein from 15 to 10.5% of the total ration; however, the ratio of available calories to protein remained the same. In lot 3, the cellulose was substituted for the sucrose bringing the casein level to 15 % of the total ration. Actually, in this case 2 1.43 % of the cellulosefree ration was casein. Another control lot (lot 4) was given a ration containing 21 .43 % casein and no cellulose. Therefore, the Zot 3 ration was, in effect, the same as if the 21 .43 % casein basal ration had been diluted with 30% cellulose, but it also served as the lot in which the cellulose was substituted for the sucrose for comparisons with lot I.
When cellulose was used to dilute the lowcasein (lot z vs. lot I) or the higher-casein (Zot 3 vs. lot 4) rations, food consumption increased 21 and 14%, respectively. The influence of bulk, therefore, was about the same at both casein levels and agrees with the observations of Janowitz and Grossman (6) that animals try to consume more of a bulkier diet in order to maintain the same basal food consumption.
A greater increase in food consumption occurred when cellulose was substituted for part of the sucrose (lot 3 vs. lot I). The reason for this, as deduced from the suggestions above, would be that the primary need is protein when a low-protein ration is fed and that energy is present in excess. Replacing part of the energy (sucrose) with cellulose relieves the animal of the need to dispose of the excess energy as body fat or heat, and hence the animal can eat more. The greater weight gains of lot 3, which also contained less fat than lot I, confirm this supposition.
An intriguing question, why animals fed low-protein rations do not consume more food to obtain more protein (IS), would be answered by the concept suggested above. This is because a higher energy intake in relation to protein is a detriment, for the animal can rid himself of only so much energy by heat production and fat deposition. This concept agrees with Sibbold et al. (3, 4) who found that for each particular protein an optimum ration of apparent digestible energy to apparent digestible protein exists. Using apparent digestible protein, as they did, had the advantage of automatically correcting for loss of fecal metabolic nitrogen. Their data also show that while food consumption was equal at all protein levels, additional calculations indicate a higher digestible energy intake per unit of nitrogen retained for the low-protein ani.mals. This can be interpreted to mean that increases in food intake of low-protein rations to obtain more protein were prevented by the higher relative energy intake. In other words, * When an analysis of variance was made of the factorially designed experiment in which the lot 2 ration was considered, a dilution of the lot I ration and lot 3 ration a dilution of lot 4 ration, the interaction was highly significant. nitrogen level does influence food intake but. indirectly through its relation to excess energy consumption per unit of retained nitrogen. This view differs slightly in interpretation from Sibbold et aZ. (4) in their work with higher protein levels. However, they did state that at apparent digestible energy levels that were exceedingly high relative to apparent digestible nitrogen, nitrogen starvation is a possibility. Further work of Sibbold et al. (20) showed that as the quality of the nitrogen source increases, a corresponding increase occurs in apparent digestible energy intake. This appears to support the suggestions in this paper since increasing the quality of protein would decrease the ratio of calories to usable protein.
The higher fat deposition of the rats fed low protein, which might limit food intake because of the animal's inability to rid himself of excess energy, corresponds with Kennedy's (21) suggestions regarding the role of depot fat on food intake. He suggests that depot fat plays a role in food intake by virtue of its possible influence on circulating blood metabolites.
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